WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61K 31/785 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 99/22743 

14 May 1999 (14.05.99) 



(21) International Applicatidn Number: PCI7US98/22289 

(22) International Filing Date: 21 October 1998 (21.10.98) 



(30) Priority Data: 
08/964,498 



5 November 1 997 (05. 1 1 .97) * US 



(71) Applicant: GELTEX PHARMACEUTICALS, INC. [US/US]; 

9 Fourth Avenue, Waltham, MA 02451 (US). 

(72) Inventors: MANDEVILLE, W. f Harry, III; 7 Pillings Pond 

Road, Lynnfield, MA 01940 (US). HOLMES-FARLEY, 
Stephen, Randall; 20 Norfolk Road, Arlington, MA 02474 
(US). 

(74) Agents: ELMORE, Carolyn, S. et al.; Hamilton, Brook, Smith 
& Reynolds, P.C., Two Militia Drive, Lexington, MA 02421 
(US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU. LV, MD, MG, MK, MN, 
MW, MX, NO, NZ. PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, UA, UG, UZ, VN, YU, ZW, ARIPO 
patent (GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: POLY(DIALLYL AMINE)-B ASED PHOSPHATE BINDERS 
(57) Abstract 

The present invention relates to a method for lowering the serum phosphate level of a patient The method comprises the step of 
administering to the patient a therapeutically effective amount of a polymer characterized by a diallylamine monomer or repeat unit The 
amino nitrogen atom of the diallylamine repeat unit can be substituted by one or two substituents independently selected from among 
substituted and unsubstituted, normal, branched and cyclic alkyl groups, and aryl groups. When the diallylamine repeat unit comprises 
an ammonium or quaternary ammonium group, the monomer will further comprise a suitable anion, such as a conjugate base of a 
pharmaceutically acceptable acid. 



Document AD 
Cited in IDS for BEAR-004 
Serial No. 09/642,609 
filed August 17,2000 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania v 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia . 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar • 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


fflnarfa 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KB 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzsian 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SB 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







* 

WO 99/22743 PCT/US98/22289 

-1- 

POLY(DIALLYLAMINE)-BASED PHOSPHATE BINDERS 

BACKGROUND OF THE INVENTION 

Hyperphosphatemia frequently accompanies diseases associated with 
inadequate renal function, hypoparathyroidism, and certain other medical conditions. 
5 Hyperphosphatemia is typically defined as a serum phosphate level of greater than 
about 6 mg/dL. The condition, especially if present over extended periods of time, 
leads to severe abnormalities in calcium and phosphorus metabolism and can be 
manifested by aberrant calcification in joints, lungs, and eyes. 

Therapeutic efforts to reduce serum phosphate levels include dialysis, 

10 reduction in dietary phosphate, and oral administration of insoluble phosphate 
binders to reduce gastrointestinal adsorption. Dialysis and reduced dietary 
phosphate are generally unable to adequately reverse hyperphosphatemia. Further 
disadvantages of these therapeutic regimens include the invasive nature of dialysis 
and difficulties associated with modifying dietary habits. 

1 5 Therapy based upon oral administration of certain phosphate binders has also 

been suggested. Phosphate binders include calcium or aluminum salts. Calcium 
salts have been widely used to bind intestinal phosphate and prevent adsorption. 
The ingested calcium combines with phosphate to form insoluble calcium phosphate 
salts, such as Ca3(P0 4 ) 2 , CaHP0 4 , or CaO^PO^. A variety of calcium salts, 

20 including calcium carbonate, calcium acetate (such as PhosLo® calcium acetate 
tablets), calcium citrate, calcium alginate and calcium ketoacid salts have been 
utilized for in vivo phosphate binding. The use of calcium salts, however, can result 
in hypercalcemia due to absorption of high amounts of ingested calcium. 
Hypercalcemia has been implicated in many serious side effects, such as cardiac 

25 arrhythmias, renal failure, and skin and visceral calcification. Frequent monitoring 
of serum calcium levels is required during therapy with calcium-based phosphate 
binders. 

Aluminum-based phosphate binders, such as Amphojel® aluminum 
hydroxide gel, have also been used for treating hyperphosphatemia These 
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compounds complex with intestinal phosphate to form highly insoluble aluminum 
phosphate; the bound phosphate is unavailable for absorption by the patient. 
Prolonged use of aluminum gels leads to accumulations of aluminum, and often to 
. aluminum toxicity, accompanied by such symptoms as encephalopathy, 
5 osteomalacia, and myopathy. 

Selected ion exchange resins have also been suggested for use in binding 
phosphate. Those tested include Dowex® anion-exchange resins in the chloride 
form, such as XF 43311, XY 40013, XF 43254, XY 4001 1, and XY 40012 (Burt et 
• al 9 J. Pharmaceutical Sci. 76 : 379-383 (1987)). These resins have several 
10 drawbacks for treatment of hyperphosphatemia, including poor binding efficiency, 
necessitating high doses for significant reduction of absorbed phosphate. 
Thus, a need exists for improved phosphate binders which can be 
- - administered orally in acceptable dosage levels without resulting in many of the 
serious side effects discussed above. 

1 5 SUMMARY OF THE INVENTION 

The present invention relates to a method for lowering the serum phosphate 
level of a patient. The method comprises the step of administering to the patient a 
therapeutically effective amount of a polymer characterized by a diallylamine 
monomer or repeat unit. The amino nitrogen atom of the diallylamine repeat unit 

20 can be substituted by one or two substituents independently selected from among 
substituted and unsubstituted, normal, branched and cyclic alkyl groups, and aryl 
groups. When the diallylamine repeat unit comprises an ammonium or quaternary 
ammonium group, the monomer will be associated with a suitable anion, such as a 
conjugate base of a pharmaceutically acceptable acid. 

25 The polymer to be administered can be a homopolymer or a copolymer. 

When the polymer is a copolymer, the polymer can comprise a diallyamine 
monomer and at least one additional monomer. The additional monomer can be a 
second diallylamine monomer or a monomer which is not a diallylamine, such as 
substituted or unsubstituted acrylamide or sulfur dioxide. 

30 The polymer can be linear, branched or crosslinked. In one embodiment, the 

polymer is crosslinked via the incorporation of a multifunctional comonomer. In 
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another embodiment, the polymer is crosslinked via bridging groups which link 
amino nitrogen atoms on different polymer strands. 

DETAILED DESCRIPTION OF THE INVENTION 

The features and other details of the invention will now be more particularly 
5 described and pointed out in the claims. It will be understood that the particular 
embodiments of the invention are shown by way of illustration and not as limitations 
of the invention. The principal features of the invention can be employed in various 
embodiments without departing from the scope of the present invention. 

The present invention relates to Applicant's discovery that poly(diallylamine) 
10 polymers exhibit excellent phosphate-binding activity. , The. invention provides a 
. method for lowering the serum phosphate level of a patient comprising 
administering to the patient a therapeutically effective amount of a polymer 
characterized by a diallylamine or N-substituted diallylamine monomer, or repeat 
unit. 

1 5 As used herein, the term "therapeutically effective amount" refers to an 

amount which is sufficient to decrease the serum phosphate level of the patient by a 
clinically significant amount. The patient can be an animal, for example, a mammal, 
or a human. 

In one embodiment, the polymer to be administered is a poly(diallylamine) 
20 polymer. The polymer can be a homopolymer, wherein each of the diallylamine 
repeat units has the same nitrogen substituents, or a copolymer, for example, 
comprising two or more diallylamine repeat units having different amino nitrogen 
substituents. The polymer to be administered can also be a copolymer comprising 
one or more diallylamine repeat units and at least one additional repeat unit which is 
25 not a diallylamine. In these polymers, the diallylamine nitrogen atom can be 
unsubstituted or substituted with one or two substituents selected from among 
substituted and unsubstituted normal, branched and cyclic alkyl groups and 
substituted and unsubstituted aryl groups. 

In one embodiment, the polymer to be administered is characterized by an 
30 amine-bearing monomeric unit of Formula I or Formula n, 



WO 99/22743 



PCT/US98/22289 



-4- 




or a combination thereof, wherein R is a hydrogen atom; a substituted or 
unsubstituted, linear, branched or cyclic alkyl group; or a substituted or 
unsubstituted aryl group. Suitable alkyl and aryl substituents include halogen atoms, 
5 such as fluorine, chlorine, bromine and iodine atoms; alkyl; hydroxy; primary, 
secondary and tertiary amino; quaternary ammonium; alkoxy; carboxamido; 
sulfonamido; aryl; hydrazido; guanadyl; and ureyl. In a preferred embodiment, R is 
a methyl group. 

In another embodiment, the polymer to be administered is characterized by a 
10 repeat unit of Formula III or of Formula IV, 




or a combination thereof, wherein R 1 and R 2 are each, independently, hydrogen; 
substituted or unsubstituted linear, branched or cyclic alkyl; or substituted or 
unsubstituted aryl. Suitable alkyl and aryl substituents include halogen atoms, such 
15 as fluorine, chlorine, bromine and iodine atoms; hydroxy; primary, secondary and 
tertiary amino; quaternary ammonium; alkoxy; carboxamido; sulfonamido; aryl; 
hydrazido; guanadyl; and ureyl. In a preferred embodiment, R 2 is methyl. 
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In another embodiment, the polymer to be administered is characterized by a 
repeat unit of Formula III or Formula IV wherein R 1 , R 2 and the nitrogen atom 
together form a cyclic structure, such as a saturated or unsaturated ring system. For 
example, R 1 and R 2 can together form a susbstituted or unsubstituted CVCu-alkylene 
5 group, such as -(CH 2 ) n - wherein n is from 2 to 12. 

In Formulas HI and IV, X* is an anion, such as the conjugate base of a 
pharmaceutical^ acceptable acid. Such anions include chloride, citrate, tartrate, 
lactate, methanesulfonate, acetate, formate, maleate, fumarate, malate, succinate, 
malonate, sulfate, hydrosulfate, L-glutamate, L-aspartate, pyruvate, mucate, 
10 benzoate, glucuronate, oxalate, ascorbate and acetylglycinate. In a preferred 
embodiment, X" is chloride. 

In one embodiment, the polymer to be administered is characterized by a 
diallylamine repeat unit is of Formula I, Formula II, Formula HI, or Formula IV, 1 - 
* wherein the amino nitrogen atom is substituted with an ammonioalkyl substituent. 
15 Suitable ammonioalkyl substituents are of the general formula ' ^ 

R 4 

I 

-(CH2) n -N + -R 5 X 

R 6 • ■ - • • • 

wherein R 4 , R 5 and R 6 are each, independently, a hydrogen atom or a C r C 24 alkyl 
group; n is an integer from 2 to about 20, preferably from 3 to about 6; and X" is an 
20 anion, such as a conjugate base of a pharmaceutically acceptable acid. Suitable 
examples of ammonioalkyl groups include, but are not limited to, 

4- (dioctylmethylammonio)butyl; 3-(dodecyldimethylammonio)propyl; 
3-(octyldimethylammonio) propyl; 3-(decyldimethylammonio)propyl; 

5- (dodecyldimethylammonio)pentyl; 3-(cyclohexyldimethylammonio)propyl; 
25 3-(decyldimethylammonio)-2-hydroxypropyl; 3-(tridecylammonio)propyl; 

3-(docosyldimethylammonio)propyl; 4-(dodecyldimethylammonio)butyl; 
3-(octadecyldimethylanamonio)propyl; 3-(hexyldimethylammonio)propyl; 
3-(methyldioctylammonio)propyl; 3-(didecylmethylammonio)propyl; 
3-(heptyldimethylammonio)propyl; 3-(dimethylnonylammonio)propyl; 
30 6-(dimethylundecylammonio)hexyl; 4-(heptyldimethylammonio)butyl; 
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3-(dimethyliradecylammonio)propyl; and 3-(tetradecyldimethylammonio)propyl. 

The polymer to be administered can be a copolymer comprising a 
diallylamine repeat unit, such as a repeat unit of Formula I, n, HI, or IV, and at least 
one additional monomer. In one embodiment, the polymer is a copolymer 
5 comprising at least one monomer which is not a diallylamine. Suitable examples of 
such monomers include substituted and unsubstituted acrylate, acrylamide, 
methacrylate, methacrylamide, allylamine, triallylamine, tetrallylammonium ion, 
allyl alcohol, vinyl amine, vinyl alcohol, sulfur dioxide, and carbon dioxide. For 
example, the additional monomer can be a hydrophilic monomer, such as N-(2~ 

10 hydroxyethyl)acrylamide or (3-hydroxypropyl)acrylate. Also included are the 
multifunctional crosslinking co-monomers which are discussed in detail below. 
Copolymers comprising a repeat unit which is not a diallylamine can have a wide 
" range of compositions. Typically, the diallylamine monomer will constitute from 
about 10% to about 90% of the repeat units within the polymer. : 

15 The polymers of use in the present method can be linear . or crosslinked. The 

polymer can be crosslinked, for example, by the incorporation within the polymer of 
a multifunctional comonomer. Suitable multifunctional co-monomers include 
diacrylates, triacrylates and tetraacrylates, dimethacrylates, diacrylamides, 
diallylacrylamide, di(methacrylamides), traiallylamine, tetraalylammonium ion. 

20 * Specific examples include ethylene glycol diacrylate, propylene glycol diacrylate, 
butylene glycol diacrylate, ethylene glycol dimethacrylate, butylene glycol 
dimethacrylate, methylene bis(methacrylamide), ethylene bis(acrylamide), ethylene 
bis(methacrylamide), ethylidene bis(acrylamide), ethylidene bis(methacrylamide), 
pentaerythritol tetraacrylate, trimethylolpropane triacrylate, bisphenol A 

25 dimethacrylate, and bisphenol A diacrylate. Other suitable multifunctional 
monomers include polyvinylarenes, such as divinylbenzene. The amount of 
crosslinking agent is typically between about 1.0% and about 30% by weight 
relative to the weight of the polymer, preferably from about 5% to about 25% by 
weight. 

30 The polymer can also be crosslinked by bridging units which link amino 

groups on adjacent polymer strands. Suitable bridging units include straight chain 
or branched, substituted or unsubstituted alkylene groups, diacylalkylene groups, 
diacylarene groups and alkylene bis(carbamoyl) groups. Examples of suitable 
bridging units include -(CR 2 \- 7 wherein n is an integer from about 2 to about 20; 
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-CI^-CHCOEO-CH^; -C^C^CH^CD)-; ^-CH(OH)-0-(CH^ n -(>-CH(OH)- 
CH 2 -, wherein m is an integer from about 2 to about 4; -C(0)-(C 6 H 2 (COOH) 2 )-C(0)- 
and -CCOJNHCCH^pNHCCO)-, wherein p is an integer from about 2 to about 20. 
Advantageously, crosslinking the polymers renders the polymers non- 
5 adsorbable and stable in the patient. A "stable" polymer composition, when 
administered in therapeutically effective amounts, does not dissolve or otherwise 
decompose to form potentially harmful byproducts, and remains substantially intact. 

Polymers of use in the present method are, preferably, of a molecular weight 
which enables them to reach and remain in the gastrointestinal tract for a sufficient 

10 period of time to bind a significant amount of phosphate. The polymers should, 
thus, be of sufficiently high molecular weight to resist, partially or completely, 
absorption from the gastrointestinal tract into other regions of the body. The 
resulting polymer/phosphate complex should then be excreted from the body. 
Suitable-linear of branched (non-crosslinked) polymers have molecular weights— 

15 which range from about 2,000 Daltons to about 500,000 Daltons, preferably from 
about 5,000 Daltons to about 150,000 Daltons. Crosslinked polymers, however, are 
not generally characterized by molecular weight. The crosslinked polymers 
discussed herein should be sufficiently crosslinked to resist adsorption from the 
gastrointestinal tract. 

20 The polymer network can be administered orally to a patieut in a dosage of 

about 1 mg/kg/day to about 10 g/kg/day; the particular dosage will depend on the 
individual patient (e.g., the patient's weight and the extent of phosphate removal 
required). The polymer can be administered either in hydrated or dehydrated form, 
and can be flavored or added to a food or drink, if desired, to enhance patient 

25 acceptance. Additional ingredients such as other phosphate binders (including other 
polymers, calcium salts, and aluminum salts) or inert ingredients, such as artificial 
coloring agents, may be added as well. 

Examples of suitable forms for administration include pills, tablets, capsules, 
and powders (i.e. for sprinkling on food). The pill, tablet, capsule or powder can be 

30 coated with a substance capable of protecting the composition from the gastric acid 
in the patient's stomach for a period of time sufficient for the composition to pass 
undisintegrated into the patient's small intestine. The polymer can be administered 
alone, admixed with a carrier, diluted by a carrier, or enclosed within a carrier which 
may be in the form of a capsule, sachet, paper or other container. When the carrier 
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-CI^-CHCOH)-^-; -C(0)CH 2 CH 2 C(0)-; -CH 2 -CH(OH)-0-(CH 2 ) m -0-CH(OH)- 
CH 2 -, wherein m is an integer from about 2 to about 4; -C(0)-(C 6 H 2 (COOH) 2 )-C(0)- 
and -C^NH^H^NHCfO)-, wherein p is an integer from about 2 to about 20. 
Advantageously, crosslinking the polymers renders the polymers non- 
5 adsorbable and stable in the patient. A "stable" polymer composition, when 
administered in therapeutically effective amounts, does not dissolve or otherwise 
decompose to form potentially harmful byproducts, and remains substantially intact. 

Polymers of use in the present method are, preferably, of a molecular weight 
which enables them to reach and remain in the gastrointestinal tract for a sufficient 
10 period of time to bind a significant amount of phosphate. The polymers should, 

thus, be of sufficiently high molecular weight to resist, partially or completely, 
v absorption from the gastrointestinal tract into other regions of the.body. The * 

resulting polymer/phosphate complex should then be excreted from the body. / ^ 
£:^x ; Suitable linear or branched (non-crosslinked) polymers have.molecular weights 
15 ^ which range from about 2,000 Daltons to about 500,000 Daltons, preferably from 
about 5,000 Daltons to about 150,000 Daltons. Crossiinked polymers, however, are 
not generally characterized by molecular weight. The crossiinked polymers 
discussed herein should be sufficiently crossiinked to resist adsorption from the 
gastrointestinal tract. 

20 ' The polymer network can be administered orally to a patient in a dosage of 

about 1 mg/kg/day to about 1 0 g/kg/day ; the particular dosage will depend on the 
individual patient (e.g., the patient's weight and the extent of phosphate removal 
required). The polymer can be administered either in hydrated or dehydrated form, 
and can be flavored or added to a food or drink, if desired, to enhance patient 

25 acceptance. Additional ingredients such as other phosphate binders (including other 
polymers, calcium salts, and aluminum salts) or inert ingredients, such as artificial 
coloring agents, may be added as well. 

Examples of suitable forms for administration include pills, tablets, capsules, 
and powders (i.e. for sprinkling on food). The pill, tablet, capsule or powder can be 

30 coated with a substance capable of protecting the composition from the gastric acid 
in the patient's stomach for a period of time sufficient for the composition to pass 
undisintegrated into the patient's small intestine. The polymer can be administered 
alone, admixed with a carrier, diluted by a carrier, or enclosed within a carrier which 
may be in the form of a capsule, sachet, paper or other container. When the carrier 
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serves as a diluent, it may be a solid, semi-solid or liquid material which acts as a 
vehicle, excipient or medium for the polymer. Thus, the compositions can be in the 
fonn of tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions, 
syrups, aerosols, (as a solid or in a liquid medium), soft or hard gelatin capsules, 
5 sterile packaged powders, and the like. Examples of suitable carrier, excipients, and 
diluents include foods, drinks, lactose, dextrose, sucrose, sorbitol, mannitol, 
starches, gum acacia, alginates, tragacanth, gelatin, calcium silicate, microcrystalline 
cellulose, polyvinylpyrrolidone, cellulose, methyl cellulose, methylhydroxy- 
benzoates, propylhydroxybenzoates, propylhydroxybenzoates, and talc. 

10 The polymeric phosphate binder can be co-administered io the patient with a 

calcium supplement. The calcium supplement is, preferably, administered orally in 
an amount which is effective to increase the physiological calcium concentration of 
the patient: The calcium supplement can be administered prior to, simultaneous 
with or subsequent to administration of the polymeric phosphate binder. The, ; 1 

15 calcium supplement can be any pharmaceutical^ acceptable calcium salt, such as 
calcium acetate, calcium carbonate, calcium gluconate, calcium glycerophosphate, 
calcium lactate, calcium levinulate, calcium citrate, calcium lactobionate and 
calcium chloride. Preferably r the calcium supplement to be administered serves as 
both a calcium source and a buffering agent, such as calcium carbonate or calcium 

20 acetate. 

The polymeric phosphate binder and the calcium supplement can be 
administered individually or as components of a single composition. For example, 
the calcium supplement can be included in one of the polymeric phosphate binder 
formulations discussed above. In this case, the calcium supplement can additionally 

25 serve as a carrier or diluent for the polymeric phosphate binder. For example, the 
calcium supplement, such as calcium carbonate, can serve as a hardening agent in a 
tablet form of the polymeric phosphate binder composition. Such a composition 
provides the polymeric phosphate binder, a calcium supplement and a carbonate 
supplement in a single dosage form. 

30 Polymers of use in the present method can be prepared using techniques 

known in the art of polymer synthesis (see for example, Shalaby et al , ed., Water- 
Soluble Polymers, American Chemical Society, Washington D.C. (1991)). For 
example, the appropriate monomer can be polymerized by methods known in the art, 
for example, via a free radical addition process. In this case the polymerization 
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. mixture includes a free-radical initiator, such as a free radical initiator selected from 
among those which are well known in the art of polymer chemistry. Suitable free- 
radical initiators include azobis(isobutyronitrile), azobis(4-cyanovaleric acid), 
azobis(amidinopropane) dihydrochloride, potassium persulfate, ammonium 
5 persulfate and potassium hydrogen persulfate. The free radical initiator is preferably 
present in the reaction mixture in an amount ranging from about 0.1 mole percent to 
about 5 mole percent relative to the monomer. 

The polymer can be crosslinked, for example, by including a multifunctional 
co-monomer as the crosslinking agent in the reaction mixture. A multifunctional co- 
10 monomer can be incorporated into two or more growing polymer chains, thereby 
crosslinking the chains. Suitable multifunctipnal co-monomers include those 
. . discussed above. The amount of crosslinking agent added to the reaction mixture is, 
; : v generally, between 1.0% and 30% by weight relative tothe combined weight of the • 

- polymer and the crosslinking agent, and preferably, from about 2:5% to about 25%. ; . 
15 by weight. 

The multifunctional co-monomer can also take the form of a multifunctional 
diallylamine, such as a bis(diallylamino)alkane or a bis(diallylalkylammonio) 
alkane. Suitable monomers of this type include l,10-bis(diallylmethylammonio) 
decane dibromide and l,6-bis(diallylmethylammonio)hexane dibromide, each of 
20 which can be formed by the reaction of diallylmethylamine with the appropriate 
dibromoalkane. 

The polymers to be administered can also be crosslinked subsequent to 
polymerization by reacting the polymer with one or more crosslinking agents having 
two or more functional groups, such as electrophilic groups, which react with amine 

25 groups to form a covalent bond. Crosslinking in this case can occur, for example, 
via nucleophilic attack of the polymer amino groups on the electrophilic groups. 
This results in the formation of a bridging unit which links two or more amino 
nitrogen atoms from different polymer strands. Suitable crosslinking agents of this 
type include compounds having two or more groups selected from among acyl 

30 chloride, epoxide, and alkyl-X, wherein X is a suitable leaving group, such as a halo, 
tosyl or mesyl group. Examples of such compounds include epichlorohydrin, 
succinyl dichloride, butanedioldiglycidyl ether, ethanedioldiglycidyl ether, 
pyromellitic dianhydride and dihaloalkanes. The crosslinking agent can also be an 
a,co-alkylene diisocyanate, for example OCNfCH^pNCO, wherein p is an integer 
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from about 2 to about 20. The polymer can be reacted with an amount of 

crosslinking agent equal to from about 0.5 to 40 mole percent relative to the amino 

groups within the polymer, depending upon the extent of crosslinking desired. 

A polymer comprising alkylated amino groups can be formed by reacting a 
5 preformed polymer with a suitable alkylating agent, or by polymerizing ah alkylated 

monomer. Suitable alkylated monomers can be prepared by reacting diallylamine or 

a diallylamine derivative, such as diallylmethylamine, with an alkylating agent. As 
• used herein, the term "alkylating agent" refers to a compound which reacts with an 

amino group to form a nitrogen-carbon bond, thereby adding an alkyl or alkyl 
10 derivative substituent to the nitrogen atom. Suitable alkylating agents are 

compounds comprising an alkyl group or alkyl derivative which is bonded to a . 
. leaving group, such as a halo, tosylate, mesylate or epoxy group. Examples of - 
■ preferred alkylating agents include Cj-C^-alky I halides, for example, n-butyl: 
u\ < ; halides, h-hexyl halides, n-decyl halides, and n-bctadecyl halides; Gj^G^- ■ ; Uv-:v. < 
15 dihaloalkanes, for example, 1,10-dihalodecanes; G v -C 24 -hydroxyalkyl halides, for 

example, 11-halo-l-undecanols; C,-C 24 -arylalkyl halides, for example, benzyl 

halide; C 2 -C 24 -alkylepoxy ammonium salts, for example, glycidylpropyl- 

trimethylammonium salts; and C 2 -C 24 -epoxyalkylamides, for example, N-(2,3- 

epoxypropyl)butyramide or N-(2,3-epoxypropyl)hexanamide. Preferred alkylating 
20' '"'agents include halodecane, and halododecane," where in each cajse"halo n represents a 

chloro, bromo or iodo substituent. 

Diallylamine polymers having amino groups which bear quaternary 

ammonium-substituted alkyl groups can be prepared using alkylating agents such as 

(X-alkyl)ammonium salts, wherein X represents a suitable leaving group, as 
25 described above. These compounds can be prepared by the reaction of an 

appropriate dihaloalkane, such as a bromochloroalkane, with a tertiary amine. 

Suitable alkylating agents of this type include the following: 

(4-bromobutyl)dioctylmethylammonium bromide; 

(3-bromopropyl)dodecyldimethylammonium bromide; 
30 (3-chloropropyl)dodecyldimethylammonium bromide); 

(3-bromopropyl)octyldimethylammonium bromide; 

(3-cMoropropyl)octyldimethylammonium bromide; 

(3-iodobutyl)dioctyImethylammonium bromide; 

(2,3-epoxypropyl)decyldimethylammonium bromide; 
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es -chloropropyl)decy ldimethylammonium bromide; 
(5-tosylpentyl)dodecyldimethylammonium bromide; 
(6-bromohexyl)octyldimethylanimoniiim bromide; 
( 1 2-bromododecyl)decyldimethylammoniuin bromide; 
5 (3-bromopropyl)tridecylammonium bromide; 

(3-bromopropyl)docosyldimethylammonium bromide; 
(6-bromohexyl)docosyldimethylammonium bromide; 
(4-cMorobutyl)dodecyldimethylammonium bromide; 
(3-chloropropyl)octadecyldimethylammonium bromide; 
10 (3 -cMoropropyl)hexyldimethylammoiiium bromide; 
(3-chloropropyl)methyldioctylammonium bromide; 
. :. (3-chloropropyl)methyldidecylammonium bromide; - : -. 

(3-chl<^propyl)cyclohexyldimethyl - ; ^ : ^ v 

^ / V ^-q^^^': - ; • / - fy.i •;. 

15 (3-bromopropyl)dimethylnonylammomumbromidep 
(6-bromohexyl)dimethyhmdecylammonium bromide; 
(4-cWorobutyl)heptyldimethylammonium bromide; 
(3-chloropropyl)dimethylundecylammonium bromide; and 
(3-cMoropropyl)tetradecyldimethylammonium bromide. / ; 

20 *~ " "Each of Ihe alk^latiilg agents described' above can also exist arid be used as a 
salt in combination with an anion other than bromide. For example, these and 
similar alkylating agents can be prepared and used as salts with a wide range of 
anions, including chloride, iodide, acetate, p-toluenesulfonate and methanesulfonate. 
When the hydrophobic groups are added to the polymer by way of an 

25 alkylating agent as described above, the extent of alkylation can be determined by 
methods which are well known in the chemical arts. The increase in polymer mass 
due to alkylation provides one measure of the extent of alkylation. For example, in a 
reaction between poly(diallylmethylamine) and 1-bromodecane, a product/starting 
material mass ratio of about 3.0, 2.0 and 1.5 represent approximately 100%, 50% 

30 and 25% alkylation, respectively. The degree of alkylation can also be determined 
by elemental analysis of the product polymer. In this case, the carbon/nitrogen 
(C/N) mass ratio is a direct measure of the degree of alkylation. For example, the 
reaction of poly(diallylmethylamine) with 1-bromodecane yields a product with a 
higher C/N mass ratio than that of the starting polymer. Product C/N mass ratios of 
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about 6, 8.2, 10.6 and 14.6 represent, approximately, 0%, 25% 50% and 100% 
alkylation, respectively. 

The invention will now be further and specifically described by the following 
examples. 

5 EXAMPLES 

Example 1 - Synthesis of Diallylmethyldodecylammonium bromide 

To a 2 L Morton flask was added diallylmethylamine (100 g), 1- 
bromododecane (249 g), and tetrahydrofuran (750 mL). The mixture was heated to 
65 °C for 44 h, and then allowed to cool to room temperature. The solvent was 

10 removed by rotary vacuum evaporation to leave two layers. . Diethylether (500 mL) , 
. 'was added and the mixture was stirred for i hr. The. mixture was allowed to settle; - 

r v and the top layer was decanted and discarded. Additional diethylether (500 mL) was 
added. The.mixture was stirred for 24 h, and the top, layer was again decanted and 
discarded. The remaining oil was dried in a vacuum oven at 65 °C for 4 days to 

15 yield 67 g of product. 

Example 2 - Synthesis of 1 , 1 0-Bis(diallyknethylammonio)decane dibromide 
"" " " '"To a 1 L Morton flask was added diallylmethylamine (86:1* g),- 1,10- * — •- — 
dibromodecane (1 12 g), and methanol (100 mL). The mixture was heated to 65° C 
for 24 h, and then allowed to cool to room temperature. The solvent was removed 
20 by rotary vacuum evaporation. Diethylether (400 mL) was added and the mixture 
was stirred for 1 hr. The mixture was allowed to settle and the top layer was 
decanted and discarded. The remaining oil was dried by rotary vacuum evaporation 
to yield 215 g of product 

Example 3 - Synthesis of l,6-Bis(diallylmethylammonio)hexane dibromide 
25 To a 1 L Morton flask was added diallylmethylamine (74.6 g), 1,6- 

dibromohexane (77 g), and methanol (100 mL). The mixture was heated to 65°C 
for 17 h, and then allowed to cool to room temperature. Diethylether (300 mL) was 
added and the mixture was stirred for 1 hr. The solid was collected by filtration and 
resuspended in diethylether (200 mL). The mixture was stirred for 1 hr, and the 
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solid again collected by filtration. The solid was then dried in a vacuum oven at 
50 0 C for 3 days to yield 1 36 g of product. 

Example 4 - Synthesis of Poly[l,10-bis(diallylmethylarnmonio)decane dibromide] 
To a 250-mL, round bottom flask was added l,10-bis(diallylmethyl- 
5 ammonio) decane dibromide (20 g) and water (40 g). 2,2'-Azobis(2-amidopropane, 
dihydrochloride (0.5 mL of a 50% aqueous solution) was added and nitrogen was 
bubbled through the mixture for 1 hr. The mixture was then heated to 60 °C with 
stirring for 4 hr, at which time additional 2,2 f -Azobis(2-amidopropane, dihydro- 
chloride (0.5 mL of a 50% aqueous solution) was added. 
10 After 1 8 h the solution was allowed to cool to room temperature.- The 

.... resulting gel was remoyed and ground in a blender with- water (500 mL).. The solid 
;.♦.;«. was: collected by centrifegation and resuspended in me^ 

v.. . i «v stirring for 1 hr, the .solid w^;CQllected;by filiation and resuspended.in aqueous l 5 
NaCl (500 mL of 1.5 M solution). After again stirring for 1 hr, the solid was 

15 collected by filtration. The aqueous NaCl rinse was repeated twice more, and the 
solid was rinsed with water until the conductivity of the rinse reached 0.3 mS/cm. 
The solid was dried in a forced air at 60°C to yield 10.0 g of product. , 

Examples - Synthesis of Copolyf 1,1 0-bis(diallylmethylammonio)decane 
dibromide/diallylmeth'yldodecylammonium bromide] 

20 To a 500-mL round bottom flask was added l,10-bis(diallylmethyl- 

ammonio)decane dibromide (21.1 g), diaUylmethyldodecylammonium bromide 
(21.1 g), and water (52 g). 2,2-Azobis(2-amidmopropane) dihydrochloride (1 mL of 
a 50% aqueous solution) was added and nitrogen was bubbled through the mixture 
for 1 hr. The mixture was then heated to 60°C with stirring for 1 8 hr. The resulting 

25 gel was allowed to cool to room temperature. The gel was removed and ground in a 
blender with water (250 mL). The solid was collected by filtration and resuspended 
in methanol (250 mL). The solid was collected by filtration and resuspended in 
methanol (250 mL). After stirring for 1 hr, the solid was collected by filtration and 
resuspended in aqueous NaCl (250 mL of 1 .5 M solution). After again stirring for 

30 1 hr, the solid was collected by filtration. The aqueous NaCl rinse was repeated 
twice more, and the solid was rinsed with water until the conductivity of the rinse 
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reached 0.08 mS/cm. The solid was dried in a forced-air oven at 60°C to yield 1 7.6 
g of product. 

Example 6 - Synthesis of Epichloiohydrin Crosslinked Poly(diallylmethylamine) 
A crosslinked gel of N-methyl-N,N-diallylamine polymer was prepared by 
5 reacting the corresponding linear soluble polymer with epichlorohydrin. The 
starting material, poly(diallylmethylamine) was obtained in the form of its 
hydrochloride salt from Nitto Boseki Co. The polymer was obtained as a 60% 
aqueous solution. 

The polymer solution (83g) was diluted with 170 mL of deionized water. 
10 While stirring, 6.8 g of NaOH was added to the polymer solution. The reaction 

; mixture was allowed to stir until all NaOH had dissolved. When the temperature of 
V. the solution had dropped below 30° C, epichlorohydrin (1 .2 mL) Was added and 
. - stirring continued. The reaction medium slowly became viscous and after about 80 
minutes, had gelled and the stirring was stopped. The polymer gel was left at room 
1 5 temperature for an additional 60 hr. The polymer slab was broken into smaller 
pieces and dispersed in 400 mL of deionized water. The resulting suspension was 
stirred for 2 hr and then filtered. The swollen polymer particles were resuspended in 
600 mL of deionized water, stirred for 45 minutes and collected by filtration. The 
process was repeated witff 800 mL of water and 1 hr of stirring. After filtration, the 
20 filtrate showed a conductivity of 4 mS/cm. The filtered polymer was dried in a 
forced air oven at 60 °C to yield 42 g of product. 

Example 7 - Alkylation of Crosslinked Poly(diallylmethylamine) with 1- 
bromodecane 

The ground polymer (25g; Example 7) was suspended in 250 mL deionized 
25 water in a l L 3-necked round bottomed flask. To this swollen gel was added 100 g 
of 1-bromodecaile dissolved in 250 mL of ethanol and the mixture was stirred for 10 
minutes. Subsequently, 5 g of 50% aqueous sodium hydroxide was added and the 
reaction mixture was stirred at room temperature for 40 minutes followed by heating 
to 75 °C for 1 hr. NaOH solution (2g) was then added followed by an additional 2 g 
30 of NaOH solution after another 1.5 hr (the base addition was such as to maintain the 
pH between 10 and 12). The reaction mixture was stirred at 75°C for an additional 
18 hours, after which time heating was discontinued. After cooling to 30 °C, 5 mL 
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of concentrated HC1 was added and stirring was continued for 30 minutes. The 
polymer was filtered and washed with 500 mL of deionized water followed by 
500 mL of methanol Polymer particles were suspended in 600 mL methanol and 
stirred for 40 minutes. After removing the solvent by filtration, the polymer was 
5 suspended in 500 mL of 2 M NaCl solution and stirred for 40 minutes. The polymer 
was filtered and the NaCl treatment was repeated two more times. The filtered 
polymer cake was washed with 500 mL of deionized water and suspended in 
500 mL of deionized water. After stirring for 30 minutes the polymer was filtered 
and resuspended in 700 mL of deionized water and stirred for 30 minutes. 
1 0 Concentrated HC1 (2 mL) was added to the suspension and the mixture was stirred 
for 15 minutes. After stirring for an additional 20 minutes, the polymer was filtered 
and dried at 60°C in a forced air oven, yielding 54.6 g of the alkylated polymer as a 
* i & light yellow solid, The polymer was ground and passed through a 140 mesh sieve. 

Example 8 - Alkylation of Crosslinked poly(diallylmethylamine) with 1- 

15 bromododecane 

The ground polymer (100 Example 6) was suspended in 100 mL of 
deionized water in a 500 mL 3-necked round-bottomed flask. To this swollen gel, 
28 g of 1-bromodecane dissolved in 100 mL ethanol was added and the reaction 
mixture was stirred Tor 10 minutes. Aqueous sodium hydroxide (2'g~; 50% w/w) r was * 

20 then added and the reaction mixture was stirred at room temperature for 40 minutes, 
followed by heating to 75 °C for 1 hr. NaOH solution (Ig; 50% w/w) was then 
added followed by an additional 1 g of NaOH solution after another L5 hr. The 
reaction mixture was stirred at 75 °C for an additional 18 h after which time the 
heating was discontinued. After cooling to 30°C, concentrated HC1 (2 mL) was 

25 added and the mixture was stirred for 30 minutes. The polymer was filtered and 
washed with 500 mL of deionized water followed by 500 mL of methanol. Polymer 
particles were suspended in 300 mL of methanol and stirred for 40 minutes. After 
removing the solvent by filtration, the polymer was suspended in 500 mL of 2M 
NaCl solution and stirred for 40 minutes. It was filtered and the NaCl treatment was 

30 repeated two more times. The filtered polymer cake was washed with 500 mL of 
deionized water and suspended in 500 mL of deionized water. After stirring for 30 
minutes the polymer was filtered and resuspended in 500 mL of deionized water and 
stirred for 30 minutes. Concentrated HC1 (2 mL) was added to the suspension and 
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the mixture was stirred for 15 minutes. After stirring for an additional 20 minutes, 
the polymer was filtered and dried at 60° C in a forced air oven, yielding 18 g of the 
alkylated polymer as a pale white solid. The polymer was ground and passed 
through a 140 mesh sieve. 

5 Example 9 - Preparation of (3-chloropropyl)dodecyldimethylammonium bromide 
A two-liter, 3-necked, round-bottomed flask equipped with an air condenser 
and a magnetic stirring plate was charged with N,N-dimethyldodecylamine 
(297.24 grams, 1.40 moles), l-bromo-3-chloropropane (220.44 grams, 1.40 moles) 
and methanol (250 mL). Reaction was maintained at 65° C for 24 hours. Methanol 

10 was removed by rotary evaporation under reduced pressure to yield a brown sludge. 
To the sludge was added methyl-tert-butylether (2 liters) causing a white solid to 
form. - The mixture was stirred for 1 two hours arid a semi-crystalline; white - 
particulate was (collected by vacuum filtration- The particulate Was dried in a 
vacuum oven at 35° C for 24 hours. Yield 228.2 grams (0.61 moles, 44%). 

1 5 (4-Chlorobutyl)dodecyldimethy lammonium bromide and (6-chlorohexy 1) 

dodecyldimethylammonium bromide can be prepared by a similar process using the 
appropriate bromochloroalkane and dodecyldimethylamine. 

' Example TO -'Alkylatibn of CfosslinfcW 3 
(3-cUoropropyl)dimethyldodecylammonium bromide 

20 A mixture of 1 1 g of crosslinked polymer gel (Example 6) and 74 g of (3- 

chloropropyl)-dimethyldodecylammonium bromide was dispersed in 250 mL of 
deionized water and heated to 75 °C with stirring. After stirring at 75 °C for 1 5 
minutes, 2 g of a 50% aqueous NaOH solution was added to the reaction mixture. 
After 2 hr, 1 g of NaOH solution was added followed by an additional 1 g after 

25 another 1 hr and the mixture was stirred at 75 °C for 23 hr. The reaction mixture 
was then allowed to cool. After cooling to 30°C, 3 mL of concentrated HC1 was 
added and the mixture was stirred for 30 minutes. The polymer was filtered and 
washed with 200 mL of methanol. The filtered polymer particles were dispersed in 
400 mL of methanol, stirred for 45 minutes, and filtered. This process was repeated 

30 once then the filtered polymer was suspended in 5Q0 mL of 2M NaCl solution, 
stirred for 45 minutes and filtered. The NaCl treatment was repeated twice and the 
filtered polymer was suspended in 500 mL of deionized water. The mixture was 
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stirred for 45 minutes, filtered, resuspended in 400 mL of deionized water, and 
stirred for an additional 40 minutes. To this suspension, 1 mL concentrated HC1 was 
added and the mixture was stirred for 20 minutes. The polymer was filtered and 
dried in a forced air oven at 60 °C, yielding 29 g of alkylated polymer as a light 
5 yellow solid which was ground and passed through a 140 mesh sieve. 

Example 1 1 - Alkylation of Crosslinked Poly(diallylmethylamine) with 
(4-chlorobutyl)dimethyldodecylammonium bromide 
A mixture of 10 g 3% crosslinked polymer gel (Example 6) and 76 g (4- 
chlorobutyl)dimethyldodecylammonium bromide was dispersed in 250 mL 
10 deionized water and heated to,70°C with stirring for 15 minutes. 2 g 50% aqueous 
a-*; - solution of NaOH ; was then added to the reaction mixture. After 2 hr, 1 g NaOH : 
Ak" solution was added followed by additional 1 g , after mpther 2 hr. The reaction-.^ . . - 
■r-.>^mi3rture,was then stirred. at 70,° C for 20 hours. . J^NaOH.was then a4ded;andjhe „ : 
- ! , . reaction mixture was kept at 70°C. After 20 hr heating, ,1 g NaOH solution was 
1 5 added and the reaction mixture was kept at 70 0 C with stirring for 2 hr. After 

cooling to 30°C, 2 mL of concentrated HCI was added and the mixture was stirred 
for 20 minutes. The polymer was filtered and washed successively with 200 mL 
deionized water and 200 mL methanol. The filtered polymer particles were then 

- "dispersed in 500 mL methanol^ stirred for- 30 minutes, and filtered. This process was 

20 repeated an additional time and the filtered polymer was suspended in 400 mL 2M 
NaCl solution, stirred for 45 minutes and filtered. After repeating NaCl treatment 
twice, the filtered polymer was suspended in 400 mL deionized water. The mixture 
was stirred for 30 minutes, filtered, resuspended in 400 mL deionized water and 
stiired for an additional 40 minutes. To this polymer suspension, 1 mL 
25 concentrated. HCI was added and the mixture was stirred for 20 minutes. The 
polymer was then filtered and dried in a forced air oven at 60° C, yielding 27 g 
alkylated polymer as a light yellow solid which was ground and passed through a 
140 mesh sieve. 

Example 12 - Alkylation of Crosslinked Poly(diallylmethylamine) with 
30 (6-chlorohexyl)-dimethyloctylammonium bromide 

A mixture of 10 g 3% crosslinked polymer gel (Example 6) and 71 g (6- 
chlorohexyl)dimethyldodecylammonium bromide was dispersed in 200 mL 
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deionized water and heated to 75 °C with stirring for 1 5 minutes. 2 g 50% aqueous 
solution of NaOH was then added to the reaction mixture. After 3 hr, 1 g NaOH 
solution was added. After 2.5 hr an additional 1 g of NaOH solution was added and 
the reaction mixture was stirred at 75 °C for 22 hr. 0.5 g NaOH was then added and 
5 heating was continued for an additional 2 hr. After cooling to 30° C, 2 mL 
concentrated HC1 was added and the mixture was stirred for 15 minutes. The 
polymer was then filtered and washed successively with 200 mL deionized water 
and 200 mL methanol. The filtered polymer particles were then dispersed in 
500 mL methanol, stirred for 30 minutes and filtered. This process was repeated 
1 0 two times, then the filtered polymer was suspended in 400 mL 2M NaCl solution, 
. stirred for 45 minutes and filtered. After repeating the NaCl treatment twice, the 
r - t filtered polymer was suspended in 400 mL deionized water. -The mixture was stirred 
^ r t for 3 0 minutes, 'filtered, and resuspended in 400 mL deionized water and stirred for 

r ah additional 40 minutes. To this polymer suspension was added 1 mL concentrated 
15 HQ and the mixture was stirred for 20 minutes. The polymer was filtered and dried 
- in a forced air oven at 60°C, yielding 25 g alkylated polymer as a white solid, which 
was ground and passed through a 140 mesh sieve. 

Example 13 - Alkylation of Crosslinked Poly(diallylmethylamine) with 
1-bromodecane 

20 This example illustrates alkylation of the 4.5% crosslinked poly(diallyi- 

methylamine) with different amounts of 1-bromodecane to obtain quaternized 
polyamines bearing varying amounts of hydrophobic groups. For this purpose, the 
polymer was treated with varying mole fractions of 1-bromodecane (1 .0, 0.75, 0.50, 
0.25 and 0.10). Table 1 summarizes amounts of 1-bromoalkane used to obtain 

25 polymers of varying degree of alkylation and the yield of alkylated polymer per 
gram of the 4.5 % crosslinked poly (diallylmethylamine) (Example 2). This g/g 
yield is a measure of the degree of alkylation of the polymer. 

10 g of the 4.5% crosslinked poly(diallylmethylamine) was suspended in 
1 50 mL deionized water. While stirring, 2 g 50% aqueous NaOH solution was 

30 added to the polymer and the suspension was stirred for 15 minutes. At this time an 
ethanol solution of 1-bromodecane (2.5 mL ethanol/g 1-bromodecane) was added 
and the reaction mixture was heated to 75 °C with stirring. After 2 hr, 1 g NaOH 
was added, followed by an additional 1 g of NaOH after another 2 hr. The reaction 
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mixture was stirred at 75 °C for 1 8 hours and was then allowed to cool. After 
cooling to 30 °C, 2 mL concentrated HC1 was added and the mixture was stirred for 
15 minutes. The polymer was filtered and washed with 200 mL deionized water and 
200 mL methanol for 30 minutes and filtered. This process was repeated twice and 
5 the filtered polymer was suspended in 400 mL of 2M NaCl solution, stirred for 45 
minutes and filtered. After repeating the NaCl treatment twice, the filtered polymer 
was suspended in 400 mL deionized water. The mixture was stirred for an 
additional 30 minutes, filtered, resuspended in 400 mL deionized water and stirred 
for an additional 40 minutes. To this polymer suspension was added 1 mL 

1 0 concentrated HC1 and the mixture was stirred for 20 minutes. The polymer was 
filtered, dried in a forced air oven at 60 °C, ground and passed through a 140 mesh 
* "sieve. Yield of the polymers for different amounts of the 1-bromodecane used are 
summarized in Table!. The calculation of % alkylatiohWsumedprotonationof^ ' ; 

*■■ ^v/nSOW-oTllieraminb nitrogen atoms. • : - v '" ^r.r/--fr^r^h'l\A^:y > ^'i 

15 Table 1. Results of the alkylation of 4.5 % crosslinked poly(diallylmethyla- 
mine) with varying amounts of 1-bromodecane (C 10 H 21 Br) 
("ratio" = ratio of 1-bromodecane to polymer amino groups 
(mole/mole)). 



Polymer- 
Used 

(g) 


C 10 H 2 ,Br - 
used 

(g) 


-Ratio - 


product -.- . 
yield 

(g) 


.product/- 
starting 
polymer 
(g/g) 


% alkylation 


10.0 


17.0 


1.0 


17 


1.7 


35 


10.0 


12.5 


0.75 


16.8 


1.68 


34 


10.0 


8.0 


0.50 


14.3 


1.43 


22 


10.0 


4.25 


0.25 


11.8 


1.18 


9 


10.0 


1.70 


0.10 


10.6 


1.06 


3 



Example 14 - Alkylation of Crosslinked Poly(diallylmethylamine) with 
1 -bromo-tetradecane 
10 g of 4.5% crosslinked polydiallylmethylamine (Example 6) was 
30 suspended in 100 mL in a 500 mL 3-necked round-bottomed flask of deionized 
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water. The polymer swelled significantly and was stirred with a mechanical stirrer. 
To this swollen gel, was added 32 g 1-bromotetradecane dissolved in 100 mL 
ethanol, and the reaction mixture was stirred for 10 minutes. 2 g 50% aqueous 
sodium hydroxide was then added and the reaction mixture was stirred at room 
5 temperature for 40 minutes followed by heating to 75 °C for 1 hr, 1 g NaOH 
solution was then added followed by an additional 1 g of NaOH solution after 
another 1.5 hr (the base addition was such as to maintain the pH between 10 to 12). 
The reaction mixture was stirred at 75 °C for an additional 18 hours after which time 
the heating was discontinued. After cooling to 30°C, 2 mL concentrated HC1 was 

10 added and the mixture was stirred for 30 minutes. The polymer was filtered and 
washed with 500 mL deionized water followed by 500 mL methanol. Polymer 
particles were suspended in 300 mL methanol and stirred for 40 minutes. After- 
removing the solvent by filtration, the polymer was suspended in 500 mL of2M 
NaCl solution and stirred for an additional 40 minutes. The polymer was filtered 

15 and this process of NaCl treatment was repeated twice. The filtered polymer cake 
was then washed with 500 mL deionized water and suspended in 500 mL deionized 
water. After stirring for 30 minutes the polymer was filtered and resuspended in 
500 mL deionized water and the suspension was stirred for 30 minutes. 1 mL 
concentrated HC1 was then added to the suspension, which was stirred for another 

20 55 minutes. The polymer was then filtered and dried at 60 °C in a forced air oven, 
yielding 22 g of the alkylated polymer. The polymer was ground.and passed 
through a 140 mesh sieve. 

Example 15 - Alkylation of Crosslinked Poly(diallylmethylamine) with 
1-Bromooctane 

25 10 g of 4.5% crosslinked poly(diallylmethylamine) (Example 7) was 

suspended in 100 mL in a 500 mL 3-necked round bottom flask of deionized water. 
The polymer swelled significantly and was stirred with a mechanical stirrer. To this 
swollen gel, was added 23 g 1-bromooctane dissolved in 100 mL ethanol and the 
reaction mixture was stirred for 10 minutes. 2 g of 50% aqueous sodium hydroxide 

30 was then added and the reaction mixture was stirred at room temperature for 40 
minutes, followed by heating to 75 °C for 1 hr. 1 g NaOH solution was then added, 
followed by an additional 1 g of NaOH solution after another 1.5 hr. The reaction 
mixture was allowed to stir at 75 °C for an additional 1 8 hours after which time the 



WO 99/22743 



PCT/US98/22289 



-21- 

heating was discontinued. After cooling to 30°C, 2 mL concentrated HC1 was added 
and stirring was continued for 30 minutes. The polymer was filtered and washed 
with 500 mL deionized water followed by 500 mL methanol. Polymer particles 
were suspended in 300 mL methanol and stirred for 40 minutes. After removing the 
5 solvent by filtration, the polymer was suspended in 500 mL 2M NaCl solution and 
the suspension was stirred for 40 minutes. The polymer was filtered and this process 
of NaCl treatment was repeated twice. The filtered polymer cake was washed with 
500 mL deionized water and suspended in 500 mL deionized water. After stirring 
for 30 minutes the polymer was filtered, resuspended in 500 mL deionized water, 

10 and stirred for 30 minutes. 1 mL concentrated HG1 was added to the suspension and 
stirred for 35 minutes. The polymer was then filtered and dried at 60° C in a forced 

! . : 1 air oven, yielding 15. 8 g of the alkylated polymer The polymer was ground and ~ ; v.- 
passed through a 140 mesh sieve. - ^ - - v^: ;. , , 

Example 16 - Alkylatipn of Crosslinked Poly (diallylmethylamine) with 

15 1-Bromohexane 

10 g of 4.5% crosslinked poly(diallylmethylamine) (Example 6) taken in a 
500 mL 3-necked round bottom flask was suspended in 1 00 mL deionized water. 
The polymer swelled significantly and was stirred with a mechanical stirrer. To this 
swollen gel was £uldedT l9 g 1-bromodecane dissolved in 100 riiL 'effiariorwas added 

20 and the reaction mixture was stirred for 10 minutes. 2 g of 50% aqueous sodium 
hydroxide was then added and the reaction mixture was stirred at room temperature 
for 40 minutes, followed by heating to 75 °C for 1 hr. 1 g NaOH solution was then 
added followed by an additional 1 g of NaOH solution after another 1.5 hr. The 
reaction mixture was stirred at 75 °C for an additional 18 hours after which time the 

25 heating was discontinued. After cooling to 30°C, 2 mL concentrated HQ was added 
and the mixture was stirred for 30 minutes. The pH of the medium at this point was 
2.0. The polymer was filtered and washed with 500 mL deionized water followed 
by 500 mL methanol. The polymer particles were suspended in 300 mL methanol 
and stirred for 40 minutes. After removing the solvent by filtration, the polymer was 

30 suspended in 500 mL of 2 M NaCl solution and the suspension was stirred for 40 
minutes. The polymer was filtered and this process of NaCl treatment was repeated 
twice. The filtered polymer cake was washed with 500 mL deionized water and 
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suspended in 500 mL deionized water. After stirring for 30 minutes, the polymer 
was filtered, resuspended in 500 mL deionized water and stirred for 30 minutes. 
1 mL concentrated HC1 was added to the suspension, which was stirred for 35 
minutes. The polymer was then filtered and dried at 60° C in a forced air oven, 
5 yielding 13.7 g of the alkylated polymer. The polymer was ground and passed 
through a 140 mesh sieve. 

Example 17 - Synthesis of Quatemized N-alkyldiallylmethylammonium Salts 
Synthesis of N-decyldiallylmethylammonium bromide. 

Diallylmethylamine (33.3 g) and 1-bromodecane (66.6 g) were dissolved in 
10 100 mL methanol and the reaction mixture was stirred at 65 °C for 48 hours. After 
" cooling to room temperature, the methanol was removed under reduced pressure. 

The residual viscous oil was precipitated into 800*mL dry ether with rapid stirring; - 
v : :. The ether layer was decanted and the residue was again treated with 500 mLdiy. . 
• ether. After stirring for 15 minutes the solvent was removed and the oily residue 
15 was dried under vacuum at 35 ° C for 48 hours, yielding 78 g of the product. 

Synthesis of N-(N,N-dimethyl-N-dodecylammonio) propyldiallylmethylammonium 
chloride bromide 

"'"A mixture of 22 g Siallylinethylamine and 74* g 3-chlor6pr6pyldo-* 
decyldimethyammonium bromide were dissolved in 100 mL methanol and the 

20 reaction mixture was stirred at 65 °C for 48 hours. The progress of the reaction was 
monitored by the disappearance of the dialllymethylamine by thin layer 
chromatography (TLC). After cooling to room temperature, the solvent was 
removed under reduced pressure. The residual viscous oil was precipitated into 
800 mL dry ether with rapid stirring. The ether layer was decanted and the residue 

25 was again treated with 500 mL dry ether. After stirring for 15 minutes the solvent 
was removed and the oily residue was dried under vacuum at 35° C for 48 hours, 
. yielding 70 g of the product 

Synthesis of N-(N,N-dimethyl-N-dodecylammonio)butyl- diallylmethylammonium 
chloride bromide. 

30 A mixture of 22 g diallylmethylamine and 75 g 4-chlorobutyldimethyldo- 

decylammonium bromide were dissolved in 100 mL methanol and the reaction 
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mixture was stirred at 65 °C for 48 hours. The progress of the reaction was 
monitored by the disappearance of the diallylmethylamine by thin layer 
chromatography (TLC). After cooling to room temperature, the solvent was 
removed under reduced pressure. The residual viscous oil was precipitated into 
5 800 mL dry ether with rapid stirring. The ether layer was decanted and the residue 
was again treated with 500 mL dry ether. After stirring for 15 minutes the solvent 
was removed and the oily residue was dried under vacuum at 35 0 C for 48 hours, 
yielding 65 g of the product. 

Synthesis of poly(N-decy!diallylmethylanunonium bromide) crosslinked with 
10 methylenebis(acrylamide) 

25 g N-decyldiallylmethylammonium bromide, 3 g-N,N-metoylenebis- 
acrylamide.and .300 mg 2,2'-azobis(2-amidinopropane)dihydrqchlori 

- dissolved in- 1 00 mL deionized, water. The solution was bubbled with a slow.stream : 

- of nitrogen for 30 minutes then heated to 70 °C with stirring. After 2 hr, the reaction 
15 mixture turned cloudy with formation of a suspension. The mixture was kept at 

70 °C for a period of 18 hours and then allowed to cool. The suspension was 
centrifuged. The residue dispersed in 200 mL deionized water, stirred for 30 
minutes and centrifuged. After removal of the supernatant, the residue was 
' "suspended in 200 mL methmdl/stixred for 30 minutes and centrifuged. 'The'residue 
20 was suspended in 300 mL methanol and the suspension was refluxed for 1 hr. After 
cooling to room temperature, the suspension was filtered and the white solid was 
dried at 60°C for 24 hr to yield 10 g of the polymer. The polymer was ground and 
passed through 140 mesh sieve. 

Example 19 - Synthesis of Crosslinked Poly(diallylammonium chloride-co-sulfur 

25 dioxide) Copolymer 

1 1 1 g of a 20% solution of copoly(diallylmethylammonium chloride-co- 
sulfur dioxide) (PAS-92, obtained from Nitto Boseki Co., Japan) was treated with 
2.2 g solid NaOH with stirring. The solution turned cloudy and phase separation 
occurred. The bottom viscous layer was separated from the top layer and the former 

30 was diluted with 20 mL water. To this solution, 0.6 mL epichlorohydrin was added 
and the reaction mixture was allowed to stir for 2 hr. The reaction medium slowly 
became increasingly viscous and was left at room temperature for 48 hours, during 
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which period it turned into a gel. The resulting polymer gel was broken into smaller 
pieces and was dispersed in 1 liter deionized water. The suspension was stirred for 
1 hr and filtered. The swollen polymer particles were resuspended in 800 mL 
deionized water and stirred for 1.5 hr. The polymer particles were then filtered and 
5 dried in a forced air oven at 60°C to yield 16 g of polymer. The dried polymer was 
ground and passed through a 10 mesh sieve. 

Example 20 - Alkylation of 6% Crosslinked Copoly(diallylmethylamine-co-sulfur 
dioxide) with 1-bromodecane 
The polymer (5 g) of Example 20 was placed in a 500 mL 3-necked round 

10 bottom flask and suspended in 100 mL deionized water. The polymer swelled 
significantly and was stirred with a mechanical stirrer. To this swollen gel, a 
solution of 1 8 g 1-bromodecane in 100 mL ethanol was added and the reaction 
" : mixtufe stirred for 10 minutes. Subsequently; 2 g 50% aqueous sodium hydroxide 
was added and the reaction mixture was stirred at room temperature for 30 minutes 

15 followed by heating to 75 °C. After 1 hr, 0.5 g NaOH solution was added followed 
by an additional 0.5 g of NaOH solution after another 1.5 hr. The reaction mixture 
was allowed to stir at 75 °C for an additional 18 hr after which time the heating was 
discontinued. After cooling to 30°C S 2 mL concentrated HC1 was added and the 
mixture was stirred for 30 minutes. The pH of the medium dropped to 1 .2. The 

20 polymer was filtered off and washed with 500 mL deionized water and 500 mL 

methanol. Polymer particles were suspended in 300 mL methanol and stirred for 40 
minutes. After removing the solvent by filtration, the polymer was suspended in 
500 mL 2M NaCl solution and stirred for 40 minutes. The suspension was filtered 
and the NaCl treatment was repeated two more times. The filtered polymer cake 

25 was washed with 500 mL deionized water and suspended in 500 mL deionized 
water. After stirring for 30 minutes it was filtered and resuspended in 500 mL 
deionized water and stirred for 30 minutes. 1 mL of concentrated HC1 was added to 
the suspension and the suspension was stirred for 35 minutes. The polymer was 
then filtered and dried at 60°C in a forced air oven, yielding 9.1 g of the alkylated 

30 polymer. The polymer was ground and passed through a 140 mesh sieve. 
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Example 21 - Alkylation of Crosslinked Copoly(diallylmethylamine-co-sulfiir 

dioxide) with (3-chloropropyl)^methyldodecylammonium bromide 
To a mixture of 5 g of the polymer of Example 20 and 30 g (3- 
chloropropyl)dimethyldodecylammonium bromide in a 500 mL 3-necked round 
5 bottom flask was added 1 50 mL deionized water. The resulting mixture was stirred 
with a mechanical stirrer. 2 g of 50% aqueous sodium hydroxide was added and the 
reaction mixture was stirred at room temperature for 30 minutes, followed by 
heating to 75 °C for 1 hr. NaOH solution (0.5 g) was added, followed by an 
additional 0.5 g of NaOH solution after another 1.5 hr. The reaction mixture was 
10 allowed to stir at 75 °C for an additional 1 8 hr after which time the heating was 

r discontinued. After cooling to 30° C, 2 mL concentrated HC1 was added and the 
; 1 mixture was stirred for 30 minutes: The pH of the medium dropped to 2.8.- The * 
~, >, polymer was filtered off and washed with 500 mL deionized water and 500 mL - . 
■d '.; methanol. Ifolymer particles were then suspended in 300 mL methanol and: the ; 
15 * suspension was stirred for 40 minutes. The polymer was isolated by filtration and 
then suspended in 500 mL 2M NaCl solution. The suspension was stirred for 40 
minutes. The polymer was filtered off and this NaCl treatment was repeated two 
: more times. The filtered polymer cake was washed with 500 mL deionized water 
and then suspended in 500 mL deionized water. After stirring for 30 minutes the 
'20 "polynier was filtered off andresiispended in 500 mL d&onized water! The " 
suspension was stirred for 30 minutes. 1 mL concentrated HC1 was added to the 
suspension and the suspension was stirred for 35 minutes. The polymer was then 
filtered and dried at 60°C in a forced air oven, yielding 1 1.4 g of the alkylated 
polymer. The polymer was ground and passed through a 140 mesh sieve. 

25 Example 22 -Preparation of Poly (diallylammoniumchloride) 

100 g diallylamine and 100 mL deionized water were placed in a 1 liter 
beaker and the mixture was allowed to stir. To this stirred mixture, 37% aqueous 
HC1 was added slowly with concurrent measurement of pH. When the pH of the 
solution dropped below 7, addition of acid stopped. The solution was extracted with 

30 600 mL diethyl ether. To the aqueous solution, 3 g 2,2 ! -azobis(2~amidinopropane) 
dihydrochloride was added and the solution was bubbled with nitrogen gas for 45 
minutes. The solution was then heated to 70° C for 48 hr, after which time the 
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reaction mixture has turned viscous. Heating was discontinued and, after cooling to 
room temperature, 3 1 5 g of polymer solution was obtained. 

Example 23 - Synthesis of insoluble crosslinked polydiallylamine 

The polydiallylammonium chloride solution of Example 22 (150 g) was 
5 diluted with 50 mL deionized water. Solid NaOH (6.75 g) was added to the polymer 
solution with stining. The reaction mixture was stirred until the NaOH has 
dissolved and temperature of the solution had dropped to below 30° C. To this 
partially neutralized polymer solution, epichlorohydrin (1.2 mL) was added and 
stirring was continued. The reaction medium slowly became increasingly viscous 

10 and after about 50 minutes it gelled and the stirring stopped. This gelled polymer 

* ; was left at room temperature for an additional 48 hr to yield a semi-brittle polymer 
; . slab. The polymer slab was broken into smaller pieces and was dispersed in 1 L 

t . ' : deionized. water. The resulting suspension was stirred for 1.5.hr and then filtered. 
The swollen polymer particles were resuspended in 1 L deionized water and the 

15 suspension was stirred for 40 minutes. The polymer particles were filtered off and 
dried in a forced air oven at 60°C to yield 56 g of pale white solid polymer. The 
dried polymer was ground and passed through a 1 0 mesh sieve. 

Example 24 - Alkylation of Crosslinked Polydiallylamine with 1-bromododecane 
The ground polymer of Example 23 (5 g) was placed in a 500 mL 3-necked 

20 round-bottomed flask and suspended in 100 mL deionized water and the suspension 
was stirred with a mechanical stirrer. To this swollen gel, a solution of 15 g 1- 
bromodecane in 100 mL ethanol was added and the reaction mixture was stirred for 
10 minutes. 2 g 50% aqueous sodium hydroxide was then added and the reaction 
mixture was stirred at room temperature for 40 minutes followed by heating to 

25 75 °C. Subsequently, an additional 4 g 50% NaOH was added in a 1 g batch at an 
interval of 1 .5 hr (the base addition maintained a pH between 10 to 12). The 
reaction mixture was allowed to stir at 75 °C for a total period of 20 hr. After 
cooling to 30 °C, 2 mL concentrated HC1 was added and the mixture was stirred for 
30 minutes. The polymer was filtered off and washed with 500 mL deionized water 

30 and 500 mL methanol. The filtered polymer particles were slurried in methanol 
(400 mL), stirred for 40 minutes and reisolated by filtration. This process was then 
repeated. The polymer was suspended in 500 mL 2M NaCl solution and the 
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reaction mixture has turned viscous. Heating was discontinued and, after cooling to 
room temperature, 3 1 5 g of polymer solution was obtained.. 

Example 23 - Synthesis of insoluble crosslinked polydiallylamine 

The polydiallylammonium chloride solution of Example 22 (150 g) was 
5 diluted with 50 mL deionized water. Solid NaOH (6.75 g) was added to the polymer 
solution with stirring. The reaction mixture was stirred until the NaOH has 
dissolved and temperature of the solution had dropped to below 30° C. To this 
partially neutralized polymer solution, epichlorohydrin (1.2 mL) was added and 
stirring was continued. The reaction medium slowly became increasingly viscous 

10 and after about 50 minutes it gelled and the stirring stopped. This gelled polymer 

. v ; - was left at room temperature for an additional 48 hr to yield a semi-brittle .polymer 
-slab. The polymerslab was broken into smaller ^jjieces and was disperaed in 1 L 

■fe*v deionized water: The resulting suspension was stirred for 1 .5 hr and then filtered. ; « 
The swollen polymer particles were resuspended in 1 L deionized water and the 

15 suspension was stirred for 40 minutes. The polymer particles were filtered off and 
dried in a forced air oven at 60 °C to yield 56 g of pale white solid polymer. The 
dried polymer was ground and passed through a 10 mesh sieve. 

"Example 24 - Aikylation of Crosslinked Polydiallylamine with 1 -broniododecane 
The ground polymer of Example 23 (5 g) was placed in a 500 mL .3-necked 

20 round-bottomed flask and suspended in 100 mL deionized water and the suspension 
was stirred with a mechanical stirrer. To this swollen gel, a solution of 15 g 1- 
bromodecane in 1 00 mL ethanol was added and the reaction mixture was stirred for 
10 minutes. 2 g 50% aqueous sodium hydroxide was then added and the reaction 
mixture was stirred at room temperature for 40 minutes followed by heating to 

25 75 °C. Subsequently, an additional 4 g 50% NaOH was added in a 1 g batch at an 
interval of 1 .5 hr (the base addition maintained a pH between 10 to 12). The 
reaction mixture was allowed to stir at 75 °C for a total period of 20 hr. After 
cooling to 30 °C, 2 mL concentrated HQ was added and the mixture was stirred for 
30 minutes. The polymer was filtered off and washed with 500 mL deionized water 

30 and 500 mL methanol. The filtered polymer particles were slurried in methanol 
(400 mL), stirred for 40 minutes and reisolated by filtration. This process was then 
repeated. The polymer was suspended in 500 mL 2M NaCl solution and the 
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suspension was stirred for 40 minutes. The polymer was filtered off and this NaCl 
treatment was repeated two more times. The fitered polymer cake was washed with 
500 mL deionized water and suspended in 500 mL deionized water. After stirring 
the suspension for 30 minutes, the polymer was filtered off and resuspended in 
5 500 mL deionized water. The resulting suspension was stirred for 30 minutes. 
1 mL concentrated HC1 was added to the suspension, which was then stirred for 35 
minutes. The pH of the suspension was found to be 2.2. The polymer was then 
filtered off and dried at 60°C in a forced air oven, yielding 13.3 g of the alkylated 
polymer as a pale white solid. The polymer was ground and passed through a 140 
10 mesh sieve. 

i ;r. Example 25 - Alkylation of Crosslinked Polydiallylamine with (3-chloropropyl) 
dimethyldodecylammbniiim bromide :^ . J v 
• .75 -v. A mixture of 5 g of the crosslihkedpolymer gel of Example 23 and 28 g (3- 
: chloropropyl)dimethyl-dodecylarnmoniiim bromide was dispersed in 150 mL 
* 15 deionized water and the suspension was stiired. To this suspension 2 g 50% NaOH 
was added and the mixture was stirred for 15 minutes. The mixture was then heated 
with stirring to 75° C. An additional 4 g 50% NaOH was added in 1 g batches at 1.5 
hr intervals (the base addition was such as to maintain the pH between 10 to 12). 
After stirring at 75° C for a total period of 18 hr, the reaction mixtufe was allowed to 
20 cool. After cooling to 30 °C, 2 mL concentrated HC1 was added and the mixture was 
stirred for 30 minutes. The polymer particles were filtered off and washed with 
200 mL methanol. The filtered polymer particles were suspended twice in methanol 
(400 mL) and the suspension was stirred for 40 minutes. This process was repeated. 
After removing the polymer by filtration, the polymer was suspended in 500 mL 2M 
25 NaCl solution and the suspension was stirred for 40 minutes. This NaCl treatment 
was repeated twice and the filtered polymer was suspended in 500 mL deionized 
waer. The mixture was stirred for an additional 45 minutes, filtered, resuspended in 
400 mL deionized water and stirred for another 40 minutes. To this suspension, 
1 mL concentrated HC1 was added and the mixture was stirred for 20 minutes. The 
30 polymer was filtered off and dried in a forced air oven at 60°C, yielding 13.2 g of 
alkylated polymer as a light yellow solid which was ground and passed through a 
140 mesh sieve. 
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Example 26 - Alkylation of Crosslinked Poly(diallylmethylamine) with 1- 
bromooctane 

The 3% crosslinked poly(diaUylmethylamine) of Example 6 (5 g) was taken 
in a 500 mL 3-necked round-bottomed flask and suspended in 1 10 mL deionized 
5 water. The polymer swelled significantly and was stirred with a mechanical stirrer. 
To this swollen gel, a solution of 1 1 . 1 g 1 -bromooctane in 50 mL ethanol was added 
and the reaction mixture was stirred for 10 minutes. 1 g 50% aqueous sodium 
hydroxide was then added and the reaction mixture was stirred at room temperature 
for 40 minutes followed by heating to 75 °C for 1.5 hr. 1 g NaOH solution was 

10 added, and the reaction mixture was allowed to stir at 75 0 C for an additional 18 hr. 
* After the mixture had cooled to 30° C, 2.5 mL concentrated HC1 was added and the 
- mixture was stirred for 30 minutes. The polymer was filtered and washed with: . ■ , . :; ; 

j^kjl 300 mL deionized water and; 30.0 mL methanol Polymer particles were suspended ; 
;in 3 00 mL methanol and the suspension was stirred for 40: minutes.y After removing 

15 the polymer by filtration, the polymer was suspended in 300 mL 2 M NaCl solution 
and the suspension was stirred for 40 minutes. The polymer was filtered off and this 
NaCl treatment was repeated two more times. The filtered polymer cake was 
washed with 400 mL deionized water, then suspended in 400 mL deionized water. 
After the suspension was stirred for 30 minutes, it was filtered and the polymer was 

20 resuspeided in 40*0 mL deionized water and this suspension was stirred for an 

additional 30 minutes. 1 mL concentrated HC1 was added to the suspension, which 
was then stirred for 30 minutes. The polymer was filtered and dried at 60° C in a 
forced air oven, yielding 7.0g of the alkylated polymer as a pale white solid. The 
polymer was ground and passed through a 140 mesh sieve. 

25 Example 27 - Alkylation of Crosslinked Poly(diallylmethylamine) with 1- 
bromotetradecane 

The 3% crosslinked poly(diallylmethylamine) of Example 6 (5 g) was taken 
in a 500 mL 3-necked round bottomed flask and suspended in 1 00 mL deionized 
water. The polymer swelled significantly and was stirred with a mechanical stirrer. 
30 To this swollen gel, 16 g 1-bromotetradecane dissolved in 40 mL ethanol was added 
and the reaction mixture was stirred for 10 minutes. 1 g 50% aqueous sodium 
hydroxide was then added and the reaction mixture was stirred at room temperature 
for 40 minutes followed by heating to 75°C for 1.5 hr. 1 g NaOH solution was then 
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added and the reaction mixture was stirred at 75 °C for additional 1 8 hr. After 
cooling to 30°C, 2.5 mL concentrated HC1 was added and the mixture was stirred 
for 30 minutes. The polymer was filtered and washed with 300 mL deionized water 
and 300 mL methanol. Polymer particles were suspended in 300 mL methanol and 
5 the suspension was stirred for 40 minutes. After removing the polymer by filtration, 
the polymer was suspended in 300 mL 2M NaCl solution and the suspension was 
stirred for 40 minutes. The polymer was filtered off and this NaCl treatment was 
repeated two more times. The filtered polymer cake was washed with 400 mL 
deionized water and suspended in 400 mL deionized water. After stirring for 30 
10 minutes the suspension was filtered and the polymer was resuspended in 400 mL 
deionized water. This suspension was stirred for an additional 30 minutes. 1 mL 
• concentrated HG1 was then added to the suspension and stirring continued for 30- 
, \ -minutes.: The polymer was filtered off and dried-at 60°G in a forced air oven, : 
4; ^yielding 9.0 g of the alkylated polymer as a pale white solid. The; polymer was 



15 ground and passed through a 1 40 mesh sieve. 



Example 28 - Alkylation of Crosslinked Poly(diallylmethylamine) with (3- 
chloropropyl)dimethyloctadecylammonium bromide 
(3-CUoropropyl)dimethyloctadecylammonium bromide was prepared by the 
1 general method of Example 10 starting with dimethyloctadecylamine. A' mixture of 

20 the crosslinked polymer gel of Example 1 and 35 g (3-chloropropyl) 

dimethyloctadecylammonium bromide was dispersed in 150 mL deionized water 
and the mixture was heated to 70°C with stirring for 15 minutes. 2 g 50% aqueous 
solution of NaOH and 50 mL ethanol were then added to the reaction mixture. After 
2 hr, 0.5 g NaOH solution was added and the reaction mixture was stirred at 70°C 

25 for 20 hr. When the reaction mixture had cooled to 30°C, 2mL concentrated HC1 
was added and the mixture was stirred for another 20 minutes. The polymer was 
filtered off and washed with 200 mL deionized water and 200 mL methanol. The 
filtered polymer particles were dispersed in 500. mL methanol, stirred for another 30 
minutes and then filtered. This process was repeated one more time and the filtered 

30 polymer was suspended in 300 mL 2M NaCl solution. The resulting suspension was 
stirred for another 45 minutes and filtered. After repeating the NaCl treatment 
twice, the filtered polymer was suspended in 400 mL deionized water. The mixture 
was stirred for 30 minutes, filtered, and the polymer was resuspended in 400 mL 
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deionized water. The suspension was stirred for an additional 40 minutes. To this 
suspension was added 1 mL concentrated HC1 and the mixture was stirred for 20 
minutes. The polymer was filtered and dried in a forced air oven at 60 °C, yielding 
10.7 g alkylated polymer as a pale white solid which was ground and passed through 
5 a 140 mesh sieve. 



Example 29 - AUcylation of Crosslinked Poly(diallylmethylamine) with (3- 

Chloropropyl)dodecylpynolidiniumainmoniiim bromide 
Synthesis of (3-chloropropyl)dodecylpyrrohdinium bromide 

47 g pyrrolidine, 149.5 g 1-bromododecane and 83 g potassium carbonate 
10 were added to 560 mL acetone. The reaction mixture was heated at 55 °C for 24 hr, 
then filtered. Solvent was removed from the filtrate, yielding 92 % N- 
r^nu ^ '* . : dodecylpyrrolidine. 80 gN-dodecylpyrra r 
ctioa nfi:;"^ • v:v" chioropropane were dissolved in 133 mLmethanol and die reaction mixture:was * ^ 
:-:\hx\c: v.-:' heated at 65 ° C for 1 8 hr. After cooling to room temperature, methanol was 

15 removed under reduced pressure. The residue was poured into 2 L diethylether with 
. f ■ v stirring and the mixture was allowed to stand for another 6 hr. The white precipitate 

thus formed was filtered and was dried at 40° C under a vacuum for 24 hr yielding 
85 g (3-chloropropyl)dddecylpyrrolidinium bromide as a white solid. 
AUcylation of crosslinked poly(diallylmethylamine) with (3-chlordpropyl) ' 
20 dodecylpyrrolidinium bromide 

The 3% crosslinked poly(diallylmethylamine) of Example 7 (5 g) and 30 g 
(3-cMoropropyl)dodecylpyrrolidinixun bromide were dispersed in 1 50 mL deionized 
water and the mixture was heated to 70°C with stirring. After stirring at 70°C for 
15 minutes, 2 g 50% aqueous NaOH solution was added to the reaction mixture. 
25 After 2 hr, 1 g NaOH solution was added and the reaction mixture was allowed to 
stir at 70°C for 20 hr. The reaction mixture was then allowed to cool to 30°C. 
2 mL concentrated HC1 was then added and the mixture was stirred for 20 minutes. 
The polymer was filtered off and washed with 200 mL deionized water and 200 mL 
methanol. The polymer particles were dispersed in 500 mL methanol and the 
30 suspension was stirred for 30 minutes and then filtered. This process was repeated 
one more time and the filtered polymer was suspended in 300 mL 2M NaCl 
solution. The resulting suspension was stirred for 45 minutes and filtered. After 
repeating this NaCl treatment twice, the filtered polymer was suspended in 400 mL 
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deionized water. The mixture was stirred for 30 minutes, filtered, resuspended in 
400 mL deionized water and stirred for an additional 40 minutes. To this polymer 
suspension was added 1 mL concentrated HC1 and stirring continued for an 
additional 20 minutes. The polymer was filtered off and dried in a forced air oven at 
5 60°C, yielding 13 g alkylated polymer as a pale white solid which was ground and 
passed through a 140 mesh sieve. 

Example 30 Alkylation of Crosslinked Poly(diallylmethylamine) with (3- 

Chloropropyl)dodecylpiperidinium bromide 
Synthesis of (3-chloropropyl)decylpiperidinium bromide 

10 N-decylpiperidine was synthesized by reacting 45.7 g piperidine with 

. 1 1 8.7 g 1 -bromodecane in 237 mL acetone in the presence of 74 g potassium 
carbonate. After refluxing this reaction mixture at 55 °C for 24 hr, it was filtered and 

~ ; acetone was removed from the filtrate to yield 61 g N-decylpiperidine^ 5 g N- 
decylpiperidine and 42 g l-bromo-3-chloropropane were dissolved in 50 mL 

1 5 methanol and the reaction mixture was heated at 65 °C for 18 hr. After cooling to 
room temperature, methanol was removed under reduced pressure. The residue was 
poured into 2 L terr.butylmethyl ether with stirring and then the mixture was 
allowed to stand for 6 hr. The white precipitate thus formed was filtered and was 
dried at 40°C under vacuum for 24 hr yielding 68 g (3-chloropropyl) 

20 decylpiperidinium bromide as a light yellow solid. 

Alkylation of crosslinked poly(diaUylmethylamine) with (3-chloropropyl) 
decylpiperidiniuni bromide 

The 3% crosslinked poly(diallylmethylamine) of Example 7 (5 g) and 32 g 
(3-chloropropyl)decylpiperidiniumammonium bromide were dispersed in 150 mL 

25 deionized water and the reaction mixture was heated to 70°C with stirring for 15 
minutes. 2 g 50% aqueous solution of NaOH was then added to the reaction 
mixture. After 2 hr, 1 g NaOH solution was d and the reaction mixture was allowed 
to stir at 70°C for When the reaction mixture had cooled to 30°C, 2 mL 
concentrated HC1 was added and the mixture was stirred for 20 minutes. The 

30 polymer was filtered off and washed with 200 mL deionized water and 200 mL 
methanol. The polymer particles were dispersed in 500 mL methanol and the 
suspension was stirred for an additional 30 minutes, then filtered. This process was 
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repeated once and the polymer was suspended in 300 mL 2M NaCl solution. The 
suspension was stirred for 45 minutes and filtered. After repeating this NaCl 
treatment twice, the filtered polymer was suspended in 400 mL deionized water. 
The mixture was stirred for 30 minutes, filtered, resuspended in 400 mL deionized 
5 water and the suspension was stirred for 40 minutes. To this polymer suspension 
was added 1 mL concentrated HC1 and the mixture was stirred for 20 minutes. The 
polymer was filtered off and dried in a forced air oven at 60°C, yielding 13.2 g 
alkylated polymer as a pale white solid which was ground and passed through a 140 
mesh sieve. 

10 Example 31 -Alky lation of Crosslinked Poly (diallylmethylamine) with (4- 

Chlorobutyl)diethyldecylammonium bromide;- ' . ^ 

■Mi!'*; h£i.-.v. -\ 1 (4-Ghlorobiityl)diethyldecylartobnium bromide -was prepared by the general- ♦ 
v ^ ^-method of Example 

3% crosslinked poly(diallylmethylamine) of Example 7 (5 g) and 22 g (4- 
15 chlorobutyl)diethyldecylammonium bromide were dispersed in 150 mL deionized 
water and the resulting mixture was heated to 70 °C with stirring for 1 5 minutes: 
2 g 50 % aqueous solution of NaOH was then added to the reaction mixture. After 
2 hr, 0.5 g NaOH solution was added and the reaction mixture was allowed to stir at 
'70°C for 20 hr^ When &e reaction 30°C, 2 mL' concentrated 

20 HC1 was added and the mixture was stirred for an additional 20 minutes.. The 
polymer was filtered off and washed with 200 mL deionized water and 200 mL 
methanol. The polymer particles were dispersed in 500 mL methanol and the 
suspension was stirred for 30 minutes and then filtered. This process was repeated 
once and the filtered polymer was suspended in 300 mL 2M NaCl solution. The 
25 suspension was stirred for an additional 45 minutes and filtered. After repeating this 
NaCl treatment twice, the filtered polymer was suspended in 400 mL deionized 
water and the mixture was stirred for an additional 40 minutes. To this polymer 
suspension was added 1 mL concentrated HC1 and the mixture was stirred for 20 
minutes. The polymer was filtered off and dried in a forced air oven at 60 °C, 
30 yielding 10.6 g alkylated polymer as a pale white solid which was ground and 
passed through a 140 mesh sieve. 
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Example 32 - Alkylation of Crosslinked Poly(diallylmethylamine) with Varying 
Amounts of (3-Chloropropyl)dimethyldodecyl-ammonium bromide 
This example illustrates alkylation of the 3% crosslinked poly(diallylmethyl- 
amine) of Example 6 with different amounts of (3-chloropropyl)dimethyldodecyl- 
5 ammonium bromide. For this purpose, the polymer was treated with varying mole 
fractions of the alkylating agent (1.0, 0.75, 0.50, 0.25 and 0.10) via the general 
procedure described in Example 9. Table 2 summarizes amounts of (3- 
chloropropyl)dimethyldodecylammonium bromide used to obtain polymers of 
varying degree of alkylation and yield of alkylated polymer per gram of the 3% 
10 crosslinked poly(diallylmethylamine). This g/g yield is a measure of the degree of 
alkylation of the polymer. . . 

• r o .Table 2. , - Results of the alkylation of 3%xrosslinked poly(diaUylmethylamine) ... 
; with varying amounts of (3-chlorppropyl)dime&yld6decylammpnium 
:v " ' ' ' • ' bromide \G X2 QCjC\Br): ' : -" l ' :<t : ' ' ; — ; ' '- * ' * : :V 



PolymerUsed 
(grams) 


Alkylating Agent Used 
(grams) 


Yield of Alkylated 
Polymer (grams) 


5.0 


14.25 


11.3 


5.0 


10.7 


8.3 


5.0 


" 7.1 




5.0 


3.6 


6.0 


5.0 


■ 1.40 


5.1 



Example 33 - Synthesis of 1,4-butanediol diglycidyl ether Crosslinked 
Poly(diallylmethylamine). 
33.2 g the 60% solution of poly(diallylmethylamine) (PAS-M-1, Lot 

25 #51017) was diluted with 68 mL D.I water. While stirring, 2.8 g NaOH was added 
to the polymer solution. The reaction mixture was allowed to stir until all NaOH 
had dissolved. When the temperature of the solution has dropped to below 30°C, 
1.25 g 1,4-butanediol diglycidyl ether was added and stirring continued. The 
reaction medium slowly became increasingly viscous and after about 45 minutes it 

30 gelled and the stirring was stopped. The polymer gel. was left at room temperature 
for an additional 48 hours. The polymer slab was broken into smaller pieces and 
was dispersed in 300 mL D.L water. The suspension was stirred for 30 minutes and 
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was filtered. The swollen polymer particles were resuspended in 400 mL D.I. water, 
stirred for 1 hr and filtered. This process was repeated twice more. The filtered 
polymer (swollen gel) was dried in a forced air oven at 60 °C to yield 15 g of the 
product. 

5 Example 34 - Alkylation of 1,4-butanediol diglycidyl ether Crosslinked 
Poly(diallylmethylamine) with 1-bromodecane 
5 g of the ground polymer (Example 33) was placed in a 500 mL 3-necked 
round-bottomed flask was suspended in 100 mL D.L water. The polymer swelled 
significantly and was stirred with a mechanical stirrer. To this swollen gel, 12 g 

- 10 1-bromodecane dissolved in 100 mL ethanol was added and the reaction mixture 
- -i, - v< stirred for 10. minutes. Subsequently, lg.;50% aqueous sodiumhydroxide.was added 

^rj?.f^u> : ^f.- and the .reaction mixture was stipred at rpom : temperature for 40 : minut$s followed by , 
rvC v4dia ^ ; v>: anadchtipnal ■. Q. 5 ;g. of NaOH solution after .another 1 . 5 hr ,(th^ base, addition was such - 
- - \','r''> as to maintain the pH between lOand 12). The reaction mixture was allowed to stir 

- - 1 5 at 75°C for an additional 1 8 hrs after which time heating was discontinued. After 

> cooling to 30° G, 2 mL concentrated HC1 was added and stirring for 30 minutes 

continued. ThepHof the suspension dropped to 1.8. The polymer was filtered and 

- washed with 250 mL D.I. water followed by 250 mL methanol. Polymer particles . 
were suspended in 300 mL methanol and stirred for 40 minutes. After removing the 

20 solvent by filtration, the polymer was suspended in 250 mL 2M NaCl solution and 
stirred for an additional 40 minutes. It was filtered and this process of NaCl 
treatment was repeated two more times. The filtered polymer cake was washed with 
250 mL D.L water and suspended in 250 mL D J. water. After stirring for 30 
minutes it was filtered and resuspended in 400 mL D.L water and stirred for an 

25 additional 30 minutes. 2 mL cone. HC1 was added to the suspension and stirred for 
another 1 5 minutes. The pH of the suspension was found to be 2.10. After stirring 
for an additional 20 minutes, the polymer was filtered and dried at 60° C in a forced 
air oven yielding 9 g of the alkylated polymer as a pale white solid. The polymer 
was ground and passed through a 140 mesh sieve. 

30 While this invention has been particularly shown and described with 

references to preferred embodiments thereof, it will be understood by those skilled 
in the art that various changes in form and details may be made therein without 
departing from the spirit and scope of the invention as defined by the appended 
claims. 
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CLAIMS 

What is claimed is: 

1 . A method for lowering the serum phosphate level of a patient comprising 
administering to the patient a therapeutically effective amount of a polymer 

5 characterized by a substituted or unsubstituted diallylamine repeat unit. 

2. The method of Claim 1 wherein the polymer is a homopolymer. 

3. The method of Claim 1 wherein the polymer is a copolymer. 

.'.■■ l ''-V'-41 ' ■*. ; -The method of Claim 1; wherein the polymer is characterized by arepeatunit 
•. - ••• •• 1 • of the general formula. . / . - 



10 




wherein R is hydrogen, a substituted or unsubstituted normal, branched or 
cyclic alkyl group or a substituted or unsubstituted aryl group. 

5. The method of Claim 4 wherein R is an alkyl or aryl substituted with one or 
more substituents selected from the group consisting of fluorine, chlorine, 
15 bromine, iodine, alkyl, hydroxy, primary, secondary and tertiary amino, 

quaternary ammonium, alkoxy, carboxamido, sulfonamido, aryl, hydrazido, 
guanadyl, and ureyl. 



6. 
7. 



The method of Claim 10 wherein R is a C r C u ralkyl group. 



The method of Claim 6 wherein R is decyl. 
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8. The method of Claim 6 wherein R is methyl. 



9. The method of Claim 1 wherein the polymer comprises a repeat unit of the 
general formula 




'n 5 wherein R 1 and R 2 are each, independently; is hydrogen, a substituted or 

^substituted, normal, branched or cyclic alkyl group, or a substituted or 
unsubstituted aryl group; or Rl , R2 and the nitrogen atom together form a 
cyclic system; and X* is a pharmaceutical^ acceptable anion. 

10. The method of Claim 9 wherein X" is a conjugate base of an acid selected 
10 from the group consisting of hydrochloric acid, hydrobromic acid, citric acid, 

tartaric acid, lactic acid, phosphoric acid, methanesulfonic acid, acetic acid, 
formic acid, maleic acid, fumaric acid, malic acid, succinic acid, malonic 
acid, sulfuric acid, L-glutamic acid, L-aspartic acid, pyruvic acid, mucic acid, 
benzoic acid, glucuronic acid, oxalic acid, ascorbic acid and acetylglycine. 

15 11. The method of Claim 9 wherein R 1 is a normal or branched C r C 8 -alkyl 
group. 

12. The method of Claim 1 1 wherein R 1 is methyl. 

13. The method of Claim 12 wherein R 2 is hydrogen. 

14. The method of Claim 10 wherein R 1 is decyl. 



20 15. 



The method of Claim 14 wherein R 2 is hydrogen. 
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16. The method of Claim 10 wherein R l is an alkyl or aryl substituted with one 
or more substituents selected from the group consisting of fluorine, chlorine, 
bromine, iodine, alkyl, hydroxy, primary, secondary and tertiary amino, 
quaternary ammonium, alkoxy, carboxamido, sulfonamide, aryl, hydrazido, 

5 guanadyl, and ureyl. 

17. The method of Claim 1 0 wherein R 1 and R 2 together form a substituted or 
unsubstituted C 2 -C 12 -alkylene group. 

18. The method of Claim 17 wherein R 1 and R 2 together form -(CH^-, wherein 
n is an integer from 2 to 12. 

10 19. - The method of Claim 1 wherein the polymer is cross-linked. 

20. The method of Claim 19 wherein the polymer is crosslinked by a 
•multifunctional co-monomer. 

21 . The method of Claim 20 wherein the multifunctional co-monomer is selected 
from the group consisting of diacrylates, triacrylates, tetraacrylates, 

15" ' dimethacrylates, diacrylamides, dimethacrylamides, diallylacrylamides and 
polyvinylarenes. 



22. The method of Claim 21 wherein the multifunctional comonomer is selected 
from the group consisting of ethylene glycol diacrylate, propylene glycol 
diacrylate, butylene glycol diacrylate, ethylene glycol dimethacrylate, 
20 butylene glycol dimethacrylate, methylene bis(methacrylamide), ethylene 

bis(acrylamide), ethylene bis(methacrylamide), ethylidene bis(acrylamide), 
ethylidene bis(methacrylamide), bisphenol A dimethacrylate, bisphenol A 
diacrylate, pentaerythritol tetraacrylate, trimethylolpropane triacrylate and 
divinylbenzene. 



25 23. 



The method of Claim 20 wherein the multifunctional comonomer is a 
multifunctional diallylamine. 
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24. The method of Claim 23 wherein the multifunctional diallylamine is a 
bis(diallylamino)alkane or a bis(diallylalkylammonio)alkane. 

25 . The method of Claim 24 wherein the multifunctional diallylamine is 1,10- 
bis(diallylmethylammonio)decane dibromide. 

5 26. The method of Claim 1 9 wherein the polymer is crosslinked by a bridging 
unit selected from the group consisting of straight chain or branched, 
substituted or unsubstituted alkylene groups, diacylalkylene groups, 
diacylarene groups and alkylene bis(carbamoyl) groups. 

■ . 27. The method of Claim 26 wherein the bridging units are selected from the 
10 group consisting of -(CH^-, whertirin is :ari integer from about 2 to about— 

■ \, 20; -CH 2 -CH(OH)rCH 2 -; -C(OjCH 2 CHiC^ 

CH(OH)-CH 2 -, wherein m is 2 to about 4; -C(0)-(C 6 H 2 (COOH) 2 )-C(0)-; and 
-C(0)NH(CH 2 )pNHC(0)-, wherein p is an integer from about 2 to about 20. 

28. A method of lowering the serum phosphate level of patient comprising 
15 administering to the patient a therapeutically effective amount of polymer 

comprising a first monomer of the general formula 




wherein R 1 and R 2 are each, independently a substituted or unsubstituted 
normal, branched or cyclic alkyl group or a substituted or unsubstituted aryl 
20 group; or Rl, R2 and the nitrogen atom tiogether form a cyclic system; and 

X* is a pharmaceutical^ acceptable anion; and a second monomer of the 
general formula 
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wherein R is hydrogen, a substituted or unsubstituted normal, branched or 
cyclic alkyl group or a substituted or unsubstituted aryl group. 
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